Abstract. In this research, the authors analyze the addition of bacterial producer of biological cement on sandy soil to increase its stability. Pseudomonas sp was injected into the soil to produce urease enzyme, which converts urea that reacted with water become ammonium and carbonate, causing calcite precipitation. Soil stability can be improved by the production of pore-filling materials and particle-binding materials through the calcite precipitation process. The aim of these applications is to improve the mechanical properties of soil that it will be more suitable for construction or environmental purposes. After bacterial inoculation, the experiment with variation of bacterial content concluded the best way to increase soil stability is inject 15% bacteria relative to total weight of soil. Highest permeability reduction is 73,73% and highest shear strength increation for cohesion is 6,84 with friction angle 44,46°. California Bearing Ratio test with 10 of hits generated that the treatment soil can proved a significant penetration stress changed. From Environmental Scanning Electron Microscopy test results of the inoculation sand test images and surface scan, the formed exopolysaccharide attached to the wall of the sand soil particles which expected will fill, patch, and close the pores between the sandy soil particles.
Introduction
In choosing the type of soil for materials of retaining construction such as river embankments or earth dams, the permeability is an important characteristic to consider in addition to the compaction characteristics. A soil shear strength value is required to calculate the soil bearing capacity or to calculate the earth pressure force on the retaining walls.
To increase soil stability, efforts to reduce the permeability and increase the shear strength is very important way because it can run on all types of foundations that consist of one or more types of rock. The last few years have been done a lot of research and studies about how to improve the stability of the soil. One of the most exciting research is soil stability improvement by adding bacteria that producing "biological cement" (exopolysaccharide) into the soil. This research has been tested in several countries, but is limited to a few types of soil material just in those countries.
If the general material used for material reduction in permeability and increased shear strength is chemicals, but in this study the authors will try to analyze the addition of bacterial producing exopolysaccharide in sandy soil as an alternative to the material. Exopolysaccharides have been defined as organic polymers of microbial origin, which in biofilm systems, are frequently responsible for binding cells and other particulate materials to each others and to the substrate [1] .
In the process of bacteria inoculation in the soil, there will be three processes. They are bioclogging process where bacteria will produce a material that is capable of filling the pores of the soil to reduce tha value of permeability, biocementation process where bacteria produces a material that is able to increase the shear strength of the soil, and the process of gas production through bacterial activity which can lower the risk of liquefaction in sandy soil [2] .
A frequent problem encountered in the repair of the foundation is to overcome seepage discharge and the value of cohesion that has not been controlled. In this case that can be cultivated is to reduce seepage discharge and the cohesion values until it reaches a certain threshold then conduct maintenance, inspection regularly, and improvements as necessary.
A decrease in the permeability of the chemicals used to hold seepage in rocks that are not too impermeable and temporary (approximately one year) although there is also an age more than 30 years (semi-permanent). A decrease in the permeability of these chemicals only used when the usual way cannot be used, because it is relatively more expensive and the process must be carried out carefully because it can damage human skin.
Given these problems, the author tries to give a solution in the form of an initial step the latest innovations in geotechnical engineering. This innovation is expected to be environmentally friendly, do not damage human skin, is also quite effective to reduce permeability and increase soil shear strength material, especially of sandy material.
To test the effectiveness of this study, the sand samples will be tested permeability with constant head test, shear strength with direct shear test, compaction with California Bearing Ratio test, and ESEM (Environmental Scanning Electron Microscopy) test.
Literature review
Bacterial that suitable for making biogrouting is non-pathogenic and environmentally friendly. Moreover, unlike the use of cement, soil or contaminated soil can be treated or improved even without disturbing the soil itself or the surrounding environment, it is because bacterial can penetrate and reproduce themselves in the soil. Many types of bacteria can be used for biogrouting, including Pseudomonas sp.
A genus of motile, polar-flagellate, non-spore forming, strictly aerobic bacteria (family Pseudomonadaceae) containing straight or curved, but not helical, gram-negative rods that occur singly. Most species are saprophytic. Saprophytes are characterized by the use of a certain type of digestive mechanism, called an extra-cellular digestion. This process involves the secretion of digestive substances into the surrounding environment, where they break down organic matter into simple substances. The resulting nutrients are then absorbed directly through the cell membrane of the organism, and metabolized. The metabolism is respiratory, never fermentative. They occur commonly in soil and fresh water and marine environments.
For this research, the authors use constant-head test to determination of hydraulic conductivity. In this laboratory setup, the water supply at the inlet is adjusted in such a way that the difference of head between the inlet and the outlet remains constant during the test period. After a constant flow rate is established, water is collected in a graduated flask for a known duration.
The total volume of water collected (where Q = volume of water collected, A = area of cross section of the soil specimen, t = duration of water collection) may be expressed as: The direct shear is the oldest and simplest form of shear test arrangement. The test equipment consist of a metal shear box in which the soil specimen is placed. Normal force on the specimen is applied from the top of the shear box. For most soil mechanics problems, it is sufficient to approximate the shear stress on the failure plane as a linear function of the normal stress (Coulomb, 1776) . This linear function (where c = cohesion, = normal stress on the failure plane, = angle of internal friction, = shear strength) can be written as: (4) The CBR value is then defined as the ratio of the measured force to that required for similar penetration into a standard sample of crushed California limestone rock. The only calculation necessary is to express the measured force for a certain penetration as a percentage of the 'standard' force for the same penetration. In equation below, F is the measured force and Fs is the force required (standard force).
SEM analysis is a test used to display the scanned electrons of a solid object. SEM Test using a high-energy electron beam to generate a signal different from the surface of an object. In the SEM test the output is produced is the magnification image of the electron signal generation, so there is a difference between objects of different material because of the different electron arrangements. Terms and provisions for SEM test is specified in ASTM E-986-97.
Research methodology
In probability theory and statistics, variance is the expectation of the squared deviation of a random variable from its mean. Informally, it measures how far a set of (random) numbers are spread out from their average value.
Researchers did the experiment with the variations of curing days, relative density, and nutrients type. The curing days in this experiments divided by two different types that 7 days and 28 days. The environment condition is outside building (with real conditions according to the site, temperature follows the existing conditions, exposed by sunshine and humidity). For the variation of relative density, researchers divided by two types, i.e. relative density 50% and relative density 70%. Researchers locked the relative density to uniform the sample also know the comparison and effectiveness from both relative density. For the type of nutrient, researchers also divided by two types, nutrient type 1 and nutrient type 2. Nutrient Type 1 consist of CaCl 2 , MgSO 4 , K 2 HPO 4 , and Saccharose [3] . Meanwhile, Nutrient type 2 consist of LB Broth Powder, Urea, CaCl 2 , NH 4 Cl, NaHCO 3 , Saccharose. 
Results and discussions
During inoculation, the microbacterials produced the synthesis exopolysaccharide different composition of chemical and physical properties. This exopolysaccharide production is affected by the growth phase and the development of microbacterial, nutrients available in its development media, also pH and temperature. This synthesis process is the process by which it is formed polymers and peptidoglycan on microbacterial cell walls. Unity the polymers and the peptidoglycan are then referred to as exopolysaccharide. Exopolysaccharides, which are secreted by communal microbacterials in the sample, can clog and glue the structure samples through the pores of the sand grains.
In the process of inoculation of microbacterials in the sand soil, it will there are 3 processes (Ivanov V and Chu J. 2008 [2] ): 1. There is a bioclogging process that is the process by which microbacteria will producing both the material and the mass of the microbacterial cell itself which is capable of filling the interstellar cavities of the sand-soil can reduce porosity and sand permeability rate. 2. There is a biocementation process that is the process by which microbacteria produce a slime material extracellular polysaccharide able to increase the shear strength and stiffness of the sand soil. 3. There is a process that produces biogas which is the process where generated bubbles (air) through which microbacterial activity can be reduce the risk of liquefaction potential of sand soil. The accumulation of cell mass that occurs in microbacteria, slime and gas produced microbacteria located on the sand soil will make the sand soil more impermeable to water [2] . This happens because extracellular polysaccharides produced by microbacteria will alter arrangement of sand structures. Production of these extracellular polysaccharides will bind the sand soil particles and fill the intercavities sand grains.
Based on Figure 3 . located on the next page, it can be seen that in the process of biocementation material produced by microbacteria will bind the sand soil particles so that the sand soil become more dense and the ability to withstand the shear force will increased. Besides, the bioclogging process occurs clogging or blockage by material produced by microbacteria or by microbacterial activity that clogs or fills cavities between particles soil so that it can inhibit the flow of water as it passes through the particles sand soil and decrease the permeability of the sand soil.
Figure 3. Sandy soil direct shear sample inoculated with Pseudomonas sp
In general, factors affecting extracellular production polysaccharide produced by microbacteria is growth medium, condition environment, and the formation of side reactions. Medium used to produce polysaccharide compounds usually contain carbon elements which is used to limit the comparison of nutrients with elements nitrogen. The change of 60-80% from the complex carbon source used into a simple polymer compound (hydrolysis) obtained high results from the fermentation process of the polysaccharide compound. An important step in the growth of microorganisms and the formation of products is the formulation of the medium the good one. Good growth and production medium should contain carbon, nitrogen, phosphorus, sulfur, potassium, and magnesium salts (Chawla et al. 2009 [4] ). Besides, according to DeJong et al. 2006 [5] , microorganisms are often lies in the cementation of sediments containing calcium, magnesium, iron, manganese and aluminum in the form of crystalline carbonates, silica, phosphates, sulfides and hydroxides, especially iron hydroxide.
In this research media used in the form of sugar (saccharose) and mineral salts, which are CaCl 2 , MgSO 4 , K 2 HPO 4 , and Saccharose. The carbon element which is required in the extracellular production process of the polysaccharide is obtained of saccharose (C 11 H 22 O 11 ). The required salts are potassium obtained of K 2 HPO 4 , magnesium is obtained from MgSO 4 , Calcium is obtained from CaCl 2 . Calcium (Ca) serves as a precipitation in calcite formation which will be influential in the bioclogging process or impairment permeability. Magnesium (Mg) functions in anaerobic fermentation play a role in biocementation. In addition, there are also Nitrogen (N2) substances obtained from the sample soil element.
Urease positive bacteria are commonly used for the biogrouting method and they are able to hydrolyse urea into ammonium and carbonate. The ammonium will increases the pH value, initiating the precipitation of calcium carbonate (CaCO 3 ) [6] , which acts as a binding bridge between the sand particles. CaCO 3 precipitation occurs at the bacterial cell surface if there are sufficient concentration of Ca 2+ and CO 3 2− in solution [7] .
Compared with chemical or cement injection methods that are potentially damaging to the environment, MICP has been proposed as an environmentally friendly technique ( [2, 8] ), whereby the soil body can be treated in situ. Biogrouting technology can be used for applications such as IMETI 2017 increasing the stiffness and strength of sand ( [9, 10] ) and rocks to enhance slope stability and foundation bearing capacity, reducing foundation settlements, mitigating the liquefaction potential of saturated sand [5] , reducing the hydraulic conductivity of dykes and dams by bioclogging, preventing soil erosion, reducing infiltration from ponds or to construction [2] , strengthening of concrete and remediation of cracks [11] . 
Conclusions and recommendations
The experiment with the variation of bacterial content, concluded that in constant head permeability test and direct shear strength test, the best way to make a highest permeability reduction in inoculation method is inject 15% bacteria relative to total weight of soil. Highest permeability reduction in inoculation method is the bacteria inoculation method with 28 curing days with relative density 70% and giving the nutrient once a week, which the value of reduction 73,73% relative to the value of original sandy soil. Highest shear value increation in inoculation method is the bacteria inoculation method with 7 curing days with relative density 50% and the inoculation process done with cycle treatment, which the value of cohesion is 6,84 and the value of friction angle is 44,46°.
Based on California bearing ratio test result, at CBR result with 10 number of hits, the treatment soil can proved a significant penetration stress changed. From Scanning Electron Microscope test result of the inoculation sand test images, it can be seen extracellular polysaccharide formed attached to the sand wall which will fill the pore space between the sand soil particles and embed the particles. This proves that micro bacteria that are cultured or inoculated into sand samples can live, experience growth and development. In addition, it also seen on the wall of samples picture of began to form exopolysaccharide. The formed exopolysaccharide attached to the wall of the sand soil particles which will fill, patch, and close the pores between the sand soil particles.
There are some notes need to be more attention, as well as: the tools used to support the growth and development of micro bacteria inside the soil should be in a sterile state in order to minimize the growth of other organisms; need to review for the bubbling effect on soil pores and the swelling effect against the accuracy of the results; and due to the complexity, the applications of biological microorganism to geotechnical engineering would require an integration of microbiology, ecology, geochemistry, and geotechnical engineering knowledge.
